In this study quantitative techniques have been applied to smears collected from the buccal mucosa and floor of the mouth. The results display an encouraging success rate for identifying premalignant and malignant lesions. 'Intrapatient' normal smears provide a satisfactory control for comparison with pathological smears. Early results indicate that quantitative cytology could be of great value for monitoring and follow-up of suspicious lesions and provide an excellent additional diagnostic test for detecting early oral malignancy.
Introduction
Oral cancer accounts for 5% of all malignant tumours and 60% of these lesions are well advanced at the time of diagnosis'. The early diagnosis and consequent treatment of oral cancer could prevent a large number of deaths due to this diseasev". Unfortunately, cancerous lesions are usually benign in appearance and asymptomatic in nature in their early stages". At the present time biopsy is the diagnostic test of choice for oral cancer. Some malignancies develop from within premalignant lesions others occur Denova". In 1978 the World Health Organization (WHO)7 laid down guidelines describing the changes which constitute evidence of epithelial dysplasia. The interpretation of the WHO criteria is still largely subjective and the diagnosis and prognosis of lesions depends on the severity of the dysplastic changes observed in tissue sections. Attempts have been made to clarify this problem by the use of stereology and computer aided analysis'"!'.
Exfoliative cytology has been used as a diagnostic test for precancerous and cancerous lesions presenting in the oral cavity12.14. However, in general, cytology has relied primarily on the personal judgement of the cytologist and not on the measurement of cell parameters". Controversy has surrounded the use of cytology in the diagnosis of oral cancer. One of the main reasons for this being the occurrence of false negative results. A number of authors have suggested reasons for this including: inadequate sampling, technical error, misinterpretation of the findings and bias5. 13.14.16-18 . It is important that techniques are developed to aid in the diagnosis of early oral cancer especially in predicting the behaviour of those lesions which display epithelial dysplasia but no overt malignancy. In 1981, Cowpe and Longmore'? felt that the application of quantitative techniques to cytology could markedly improve its diagnostic sensitivity in detecting oral cancer. The quantitative techniques included DN:A cytophotometry and cyto-morphology (measurement of nuclear size, and later cell size). The sensitivity of cytophotometry, as a single diagnostic criterion of malignancy has proved suspect due to the occurrence of diploid (normal) DNA profiles in malignancy20.21. The authors felt that further quantification, as suggested previously, including the measurement of nuclear and cell size, might improve the sensitivity of cytology22.23. In an extensive age, site and sex related survey, Cowpe et al. 24 detected a significant variation in nuclear size with advancing age. There was also a significant variation in nuclear and cell size between 5 different sites. No variation was observed in either criteria between the sexes and all normal smears displayed diploid DNA profiles. In this study, despite the apparent absence of a normal baseline, the techniques have been applied to suspicious lesions of the oral cavity as indicated previously'".
The major value of cytology is the non-invasive nature of a simple and relatively painfree procedure which can provide intact cells from different layers within the epitheliums". Cytology has been reo commended for the early diagnosis of oral cancer and proved to be a reliable primary diagnostic test5. [27] [28] [29] . The aims of this study were to apply the quantitiative techniques, outlined by Cowpe et al. 24 , to smears collected from suspicious lesions presenting in the oral cavity. Thus attempting to improve the diagnostic sensitivity of cytology in the detection of early oral malignancy above and beyond subjective interpretation.
Methods
Smears were collected by firmly scraping the site under investigation with a wooden tongue spatula. The scrapings were transferred to 4 dry glass slides and fixed immediately. Where possible the corresponding clinically normal site was smeared for each patient. A comprehensive proforma was completed for each individual in the survey. Each patient underwent haemoglobin and full blood count estimation as an initial test to detect cases in which anaemia might be present.
DNA measurement (cytophotometry)
Two slides were fixed immediately in methanol: formalin: acetic acid (85: 10 : 5) and then underwent staining for the Feulgen reaction (de'I'omasi). From these smears the DNA·content of 50 randomly selected nuclei was measured using a Vicker's M85 microdensitometer. Computerized DNA distribution histograms were constructed for each specimen.
Nuclear and cytoplasmic area measurements (cytomorphology)
Two further slides were fixed in equal parts 95% ethanol and diethyl ether and then stained with Papanicolaou stain. Firstly, the nuclear and cell boundaries of 50 randomly selected cells were traced using a Leitz drawing tube attached to the microscope at xl00 under oil immersion. Secondly, the nuclear (NA) and cytoplasmic (CA)area values were obtained from the tracings using a Reichart digitiser interfaced to a computer for printout of results. For buccal mucosa (EM) and floor of mouth (FM) comparisons were made, where possible, between normal and abnormal smears within each individual and also amongst the sample as a whole. Comparisons were also made between the results obtained from this study and the results obtained for clinically normal BM and FM smears from a previous study24. Histopathological findings were recorded for the lesions which were biopsied and comparisons made with the quantitative cytological findings. Statistical analyses were applied to the NA and CA values to determine any indication of early malignant change.
Results
In this study, smears were collected from 64 patients (33 males and 31 females)who presented with suspicious lesions of the buccal mucosa (EM) and from 33 patients (16 males and 17 females) who presented with lesions in the floor of the mouth (FM). The age range for the BM lesion patients was 34-90 years and for the FM lesion patients, the age range was 41-87 years. Seventy-seven smears were collected from BM lesions and 45 from FM lesions ( Table 1) . All malignant and premalignant lesions were con~rmed.
by bio~sy. The lesions termed premalignant, histologically displayed a variety of degrees of epithelial dysplasia, wit~no overt malignancy. Some of the non-malignant lesions were confirmed on biopsy, others on clinical grounds alone. There were 66 BM and 9 FM clinically normal smears collected from these patients. From the previous age, site and sex related survey24 there were 47 normal smears collected from both BM and FM in individuals over the age of 40 years, oral tumours occurring more commonly in this age bracket.
DNA cytophotometry (Table 2)
All normal smears in non-lesion patients displayed normal (diploid) DNA distribution histograms. Two abnormal DNA profiles were displayed in the clinically normal BM of the lesion patients. One of these smears was collected from a patient who displayed a generally unstable oral mucosa. The other site developed a tumour one year later. The non-malignant lesions displayed 2 (EM) and 3 (FM) abnormal DNA profiles. 24 ) For the BM, one smear came from a debilitated patient with distant malignancy, the other smear was collected from a patient with unstable oral mucosa who had previously presented with tumours in different areas of the mouth. For the FM, all 3 cases were diagnosed as sublingual keratosis. For the dysplastic lesions with no overt malignancy, there were 6 normal and 6 abnormal BM profiles and 2 normal and 4 abnormal FM profiles. For the malignant lesions 3 smears were normal for BM. However, in all cases, when the cytomorphology, clinical appearance and DNA profiles were considered together then the results were sufficiently suspicious to warrant biopsy of the lesion. In some cases multiple smears had been collected from different areas in a single widespread lesion. In these cases at least one of the smears produced an abnormal DNA profile, thus making biopsy mandatory. There were 16 and 5 unknown DNA results for BM and FM respectively. These were due mainly to insufficient harvest of cells for measurement. However, for all the premalignant and malignant smears in this category other smears had been taken of the lesions and the latter revealed DNA polyploidy.
Cytomorphology
The cytomorphology results are displayed as scattergrams. The NA values have been plotted against the CA values for each specimen (Figures 1 and 2) . A straight line, called the discriminant line, has been drawn on each scattergram. The equation of this line, which is different for the BM and FM measurements, is obtained using discriminant analysis. Here the two populations are bivariate measurements (NA, CA) of normal cases, lying below the line, and abnormal cases lying above the line. The latter would always warrant further investigation. If we denote the NA and CA measurements by y and x respectively then the equations of the discriminant lines are as follows: Figure 3 . Table 3 displays the overall mean NA and CA values for both groups of smears. Both sites displayed no statistically significant variation in NA. For FM there was no significant variation in CA. However, for BM there was a significant reduction in CA for smears collected " . . Alternatively the NA and CA values may be inserted into the equation for each new lesion. If the result is found to be greater than zero then the smear is considered abnormal. In some instances where a lesion was found to be suspicious on biopsy, but had displayed normal cytomorphologyvalues, assessment of the DNA profile and clinical appearance of the lesion always ensured a mandatory biopsy. Figure 1 displays NAiCA scattergrams for the premalignant and malignant lesions and a normal smear populations' for BM and FM. For both sites there is a marked shift of the values to the left when compared with the normal smear populations. The vast majority of the values both for BM (30) and for FM (19) lay above the line and thus warranted further investigation. Those few values, BM (3) and FM (8), below the line were identified as warranting further investigation either on their clinical appearance or in relation to their DNA profiles. In some instances, where a DNA profile was not obtained, these smears were one of a series of multiple smears from a single lesion, and at least one smear would display an abnormal DNA profile and abnormal eytomorphological values. For the BM there were 9% false negative results and for FM, 29 .6%. However, when clinical and DNA factors were taken into account, the percentage of false negative results was close to zero for both sites. Figure 2 displays the NA and CA values for the nonmalignant lesions both for BM and for FM. These values have again been superimposed over the normal smear populations. There is a shift of the values obtained for these lesions to the left when compared with the normal smear populations. For BM and 
Discussion
In this study the quantitative techniques of DNA cytophotometry and cytomorphology have been applied to smears collected from a variety of lesions presenting in the BM and FM. 'Intrapatient' normal and abnormal smear comparisons were carried out as advocated previously20.28. To date, such intrapatient comparisons have displayed gross variation in cytomorphology and DNA profiles between normal and abnormal tissue in the same patient. The results indicate, that in the absence of a defined normal baseline for oral smears'", the patient's own corresponding clinically normal site provides a suitable control.
Limitations of the use of DNA measurement as a single diagnostic criterion of malignancy have been reported 20,21. However, in this study DNA measurements have been extremely accurate. Normal DNA profiles for confirmed sinister lesions, occurred only in cases where multiple smears had been collected from a single lesion and at least one of these smears displayed DNA polyploidy. For cytomorphology, the discriminant line, superimposed on the NNCA scattergrams has produced some encouraging results. Combined with the DNA profiles and clinical descriptions, the overall cytological assessment of sinister lesions has proved increasingly successful. Malignant and premalignant lesions were all detected. In some instances the premalignant lesions appeared clinically innocuous, but on follow-up they developed into squamous cell carcinomas. These were detected by cytology. There were a number of non-malignant lesions which displayed NA/CA values above the discriminant line. However, these values would at least promote further smearing and/or a biopsy and regular monitoring. The maximum benefit of quantitative cytology will be attained when further lesions displaying varying degrees of epithelial dysplasia, but no overt malignancy, are investigated. Another factor of interest is what might be described as the 'grey area' close to the discriminant line. At present some values in this area may be difficult to classify. Future work will involve attempts to quantify this 'grey area'. We feel that DNA content, as a third explanatory variable may provide a major role in determining the extent of the 'grey area'. The reduction in CA remains an early cytological indication of dysplastic change within a lesion, as indicated on the scattergrams. However, the concomitant rise in nuclear size is not always a clear feature as reported previously'".
The combined cytological and histological evaluation of a lesion has been found to yield the highest percentage of early diagnoses of oral cancer 3,5.17.30-32. In this study all premalignant, malignant and the majority ofthe non-malignant lesions were biopsied. Good correlation was obtained. With the advent of image analysis techniques's we feel that the application of such systems to our existing investigations would be extremely advantageous. In the future we aim to utilize a semiautomatic image analysis system using a monitor/camera unit for projecting the cells. This would greatly enhance the cytomorphology technique.
When assessing the quantitative results obtained from lesions, it is vital that the results truly represent the disease process and are not influenced by systemic or outside factors. There are conflicting reports, in the past literature, regarding some of the factors which might influence clinically normal oral cells 24. Pilot studies carried out, using quantitative cytology have displayed no relationship between NA and CA variations and the stage of the menstrual cycle 34 • Early work on the effects of radiotherapy on normal buccal smears has demonstrated abnormal DNA profiles and variation in nuclear size during therapy35. In this study some results have confirmed previous reports that oral cytological changes may be an indicator of distant malignancy and gross debilitation 36.37. Further application of quantitative cytology to investigate all these factors is underway at the present time. A number of authors have attributed keratosis as being responsible for a high percentage of false negative results 4.5. 16,17,38. However, other authors have found no problem with the keratotic barrier, providing an adequate smear technique is performed 30.39.
Cytologyis widely advocated as an aid to supplement clinical judgement and as an adjunct to biopsy26,32,4o. Consideration Should be made for the use of cytology in monitoring clinically innocuous lesions16.22.26. A number of cases in this study confirmed previous reports by authors who advocated further biopsy of lesions which display a positive smear but a negative initial biopsy27.41. Many suspicious lesions of the oral cavity are kept on long-term recall. Mter treatment for oral cancer patients remain on long-term followup. Cytology could be of great value in such patients, as repeated smears could be collected to detect early malignant change or recurrence. It is vital that a biopsy of a clinically innocuous widespread lesion provides the pathologist with a representative sample of that lesion13.42.43. In this study some widespread lesions underwent multiple smears and there was some discrepancy between the NA and CA values and the DNA profiles produced within a single lesion. This demonstrates the variation in cell structure that may be present in a widespread lesion and hence the difficulty in the choice of site for biopsy. Patients may refuse biopsy and in such cases where a patient may be nervous of biopsy, then cytology, being a less stressful procedure, could be implemented instead'". Cytology can also be of value where surgery is contraindicated or in cases of post-radiotherapy follow-Up28. 42 In conclusion, the application of quantitative techniques to cytological smears collected from suspicious oral lesions has proved very encouraging. Malignant and premalignant lesions can be successfully detected. It would appear that the major role for cytology will be in the long-term monitoring of widespread innocuous but suspicious lesions and as part of a follow-up protocol after treatment for oral cancer. Following the anticipated increase in automation and the increase in numbers oflesions to be investigated in the future, it is hoped that cytology can be sufficiently well standardized to provide a major role as a diagnostic test for early oral malignancy.
